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Abstract
Background: Protozoan infections are the most serious among all the superimposed infections in
HIV patients and claim a number of lives every year. The line of treatment being different for
diverse parasites necessitates a definitive diagnosis of the etiological agents to avoid empirical
treatment. Thus, the present study has been aimed to elucidate the associations between diarrhoea
and CD4 counts and to study the effect of HAART along with management of diarrhoea in HIV
positive patients. This study is the first of its kind in this area where an attempt was made to
correlate seasonal variation and intestinal protozoan infestations.
Methods: The study period was from January 2006 to October 2007 wherein stool samples were
collected from 366 HIV positive patients with diarrhea attending the ART centre, inpatient
department and ICTC of S.S. hospital, I.M.S., B.H.U., Varanasi. Simultaneously, CD4 counts were
recorded to assess the status of HIV infection vis-à-vis parasitic infection. The identification of
pathogens was done on the basis of direct microscopy and different staining techniques.
Results: Of the 366 patients, 112 had acute and 254 had chronic diarrhea. The percentages of
intestinal protozoa detected were 78.5% in acute and 50.7% in chronic cases respectively. Immune
restoration was observed in 36.6% patients after treatment on the basis of clinical observation and
CD4 counts. In 39.8% of HIV positive cases Cryptosporidium  spp. was detected followed by
Microsporidia spp. (26.7%). The highest incidence of intestinal infection was in the rainy season.
However, infection with Cyclospora spp. was at its peak in the summer. Patients with chronic
diarrhea had lower CD4 cell counts. The maximum parasitic isolation was in the patients whose
CD4 cell counts were below 200 cells/μl.
Conclusion: There was an inverse relation between the CD4 counts and duration of diarrhea.
Cryptosporidium spp. was isolated maximum among all the parasites in the HIV patients. The highest
incidence of infection was seen in the rainy season.
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Background
Since the beginning of the AIDS pandemic, opportunistic
infections (O.I.'s) have been recognized as common com-
plications of HIV infection. The spectrum of O.I.'s in the
HIV infected subjects varies from one region to another
[1]. Of these, opportunistic protozoan infections are the
most serious ones causing severe morbidity and mortality.
Reports indicate that diarrhoea occurs in 30–60% of
patients in developed countries and in about 90% of AIDS
patients in Haiti and Africa [2]. Given the similar back-
ground of poverty and malnutrition, the clinical picture of
the disease in India parallels that of Africa.
There have been reports regarding frequency of various
pathogens causing diarrhea from different parts of India
[3-5]. However, there is paucity of data on correlations of
CD4 levels and the etiology of diarrhea among the HIV
patients of Eastern part of Uttar Pradesh, India. As most of
the protozoan infections are treatable, it is important that
an early and accurate diagnosis be made [6].
Thus, the present study was conducted to isolate and iden-
tify the protozoans causing diarrhoea in HIV patients so as
to give an accurate diagnosis to avoid empirical treatment.
An attempt was made to elucidate the associations
between diarrhoea and CD4 counts and to study the effect
of HAART as well as anti diarrhoeal treatments in these
patients. For the first time an analysis of the seasonal var-
iations in the occurrence of intestinal protozoan infec-
tions was also made as it holds epidemiological
significance.
Methods
This study was conducted from January 2006 to October
2007 in the Department of Microbiology and ART centre
of S.S. Hospital, I.M.S., B.H.U., Varanasi, India. Being a
tertiary care hospital, it caters to the patients from the
neighbouring areas of U.P., M.P., Bihar, Jharkhand, Chat-
tisgarh and Nepal. The study was a part of PhD work. For
all assignments of this type institute ethical committee
first review the protocol and approves it.
Study cases
The stool samples were collected from 366 HIV positive
patients attending the Anti Retroviral Therapy (ART) cen-
tre, inpatient department and the ICTC (Integrated Coun-
selling and Testing Centre). All these patients came with
the presenting complaint of diarrhoea and were investi-
gated for the enteric protozoan as and when they
reported. These patients were mostly promiscuous by
habit.
The subjects who were HIV negative and without diar-
rhoea were not included in the study.
Controls
Stool samples from 200 cases were collected from the
non-HIV positive family members of the patients who
had diarrhoea and were obviously from similar environ-
mental, social and economic background.
A questionnaire was prepared to document the age, sex,
route of transmission of infection and the demographic
profile.
We also studied the effect of HAART and anti diarrhoeal
preparations in these patients, as they were potential cul-
prits for HAART and anti diarrhoeal treatment. All the
patients on HAART were being treated with Ziduvudine,
Lamivudine, Efavirenz and Nevirapine. The antiparasitic
drugs prescribed were ornidazole, metrogyl, nitazoxamide
and albendazole.
The patients were defined HIV seropositive if they tested
positive for HIV infection by ELISA test (Micro Lisa – HIV,
New Delhi, India) and a rapid test (HIV-Comb, New
Delhi) [7].
CD4 cell estimation
The CD4 cell count estimations were done by FACS Count
(Becton Dickinson, Singapore). Each time the patients
provided their stool samples, their most recent CD4 count
was recorded for analysis. The CD4 cell counts were taken
post therapy also in order to assess the immune restora-
tion for case management.
The duration and episodes of recurrent diarrhoea were
recorded thus classifying it as acute if it lasted for less than
a month and chronic if it lasted for more than a month.
Parasitological Examinations
Stool samples were collected in wide-mouthed disposable
containers and processed immediately. If there was delay
in processing the samples, they were preserved at 4°C. The
consistency of the stool samples was recorded. A small
portion of the sample was emulsified in a drop of saline
and lugol's iodine on the slide and observed under the
microscope. The samples were concentrated by Modified
formol ether technique [8]. Thereafter, the samples were
stained by modified acid fast and modified safranin tech-
nique [8]. The smears were microscopically examined.
Screening for Microsporidia spores was done with the help
of Calcoflour White staining method and identified on
the basis of their size [8].
During parasitological analysis we correlated the occur-
rence of the parasites with the route of HIV transmission
in the patients. The study was divided into three parts
depending on the seasons viz. summer, rainfall and win-BMC Gastroenterology 2008, 8:36 http://www.biomedcentral.com/1471-230X/8/36
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ter to correlate and study the possible role of seasonal var-
iation in protozoan diarrhoea.
Results
In the study we observed that there was a male preponder-
ance 271/366, (74.0%) in the age group 31–40 years.
Maximum patients (95%) belonged to Varanasi and the
rural areas of Eastern UP.
A total of 366 patients were screened and of these
134(36.6%) patients, showed immune restoration, which
clinically indicated positive response to HAART.
Of the 366 HIV positive patients with diarrhoea, 112
patients had episodes of acute and 254 had chronic diar-
rhoea. The details are given in a flowchart (Figure 1).
The macroscopic examination of the stool samples
revealed that positivity of finding a pathogen in the sam-
ple was four times more in the case of watery samples as
compared to the semi formed samples. Cryptosporidium
spp. (39.8%) was the most commonly found parasite in
the HIV positive patients followed by Microsporidia spp.
(26.7%). There were (25.1%) cases of mixed infections.
Of the mixed infections 7.65% cases showed presence of
helminths like Hookworm, H. nana and Trichuris trichiura
along with the enteric coccidian. The remaining 17.45%
were mixed infections of Cryptosporidium spp., Cyclospora
spp. and Microsporidia spp. The samples taken from the
controls showed a predominance of helminthic infesta-
tion with Ascaris lumbricoides (22.0%) leading the list fol-
lowed by Hookworm (20%). The data is shown in the
ensuing table. (Table 1).
The study revealed that Giardiasis was more commonly
found in cases that had a history of homosexual practice.
Of all the cases examined, 25/366 (6.8%) had acquired
the infection through homosexual route and 315/366
(86.0%) through heterosexual route. Sixteen out of 25
(64%) homosexual men had diarrhea due to Giardia spp.
Correlation between CD4 count, type and duration of 
diarrhoea
The CD4 levels were inversely proportional to the dura-
tion of diarrhoea. Patients with chronic diarrhoea had
lower CD4 counts than those who had acute diarrhoea.
Table 2 shows the association between types of diarrhoea,
parasites isolated and CD4 counts of 366 AIDS patients.
The incidence of diarrhea showed a distinct seasonality.
Diarrhoea caused by Cyclospora spp. was found to be asso-
ciated with increasing ambient temperatures. Of all the
Cyclospora spp. isolated 63.6% were obtained from the
patients in the summer season. A direct correlation was
found between increased rainfall and isolation of Crypt-
osporidium oocysts (76.0%) and Giardia cysts (56.7%) in
the stool samples collected from the patients having diar-
rhoea. However, no seasonal variation was observed in
the occurrence of diarrhoea caused by Microsporidia spp.
and other parasites. (Table 3).
Discussion
With the emergence of AIDS, parasitic diarrhea has gained
significance, as it is one of the important causes of mor-
bidity and mortality. The line of treatment being different
for diverse parasites necessitates a definitive diagnosis and
study of the etiological agents causing diarrhea, especially
when it can be fatal in this vulnerable group of individu-
als.
Our study showed prevalence of more males than females
(p < 0.05). Predominance of male cases may be due to
their migration to the metropolitan cities in search of
work. Staying away from the families for longer periods
and males being promiscuous by habit resulted in them,
acquiring HIV infection.
The drugs of choice for diarrhoea for practising clinician
were ornidazole, metrogyl, nitazoxamide and albenda-
zole. However, Sengupta et al observed that paramomycin
was effective against cryptosporidiosis [9]. However,
HAART added to the efficacy of the aforementioned anti
protozoals and 36.6% patients were found to have a
rebound in their CD4 cell counts. A study conducted by
Guadalupe et al, showed that viral suppression is more
effective in GALT (gut-associated lymphoid tissue) of
Flowchart showing the symptoms, diarrhoeal episodes and  percentage of pathogen positivity among 366 HIV positive  patients Figure 1
Flowchart showing the symptoms, diarrhoeal epi-
sodes and percentage of pathogen positivity among 
366 HIV positive patients.BMC Gastroenterology 2008, 8:36 http://www.biomedcentral.com/1471-230X/8/36
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patients with primary HIV infection than patients having
chronic HIV infection during HAART [10]. They found
delay in restoration of gut mucosal immune system of
patients with chronic infection as gut acts as a viral reser-
voir and keeps from eradicating the virus.
In this study we came across patients ranging from initial
to advanced stages of the disease. There were 69.3%
patients with chronic and 30.6% patients with acute
diarrhea (p < 0.05). Recurrent episodes and presence of
diarrhea even at higher CD4 levels can be attributed to
reduced intestinal mucosal immunity [11].
The percentage of parasite isolation in our study was
78.5% in acute and 50.7% in chronic cases. A similar
study conducted in the same set up by Attili et al showed
lower isolation rates [12]. This discordance in the results
could be due to more than one technique used in this
study for identification, which might have increased the
sensitivity. Lower isolation rate of parasites in chronic
cases was because most of the patients with chronic diar-
rhoea were on empirical antidiarrheal treatment. Moreo-
ver, in this country anti-diarrhoeal drugs are freely
available across the counter in the drug store even without
prescription.
In this study it was observed that probability of finding a
pathogen from watery and semi formed stools was four
times greater as compared to formed stools [12]. This can
be attributed to greater shedding, more inflammatory
response and greater virulence of the pathogens causing
watery diarrhea.
Samples collected from the controls coming from the
same environmental background helped in tracing the
source of infection. Parasite like Cryptosporidium spp. iso-
lated from both the groups indicated water as the main
source of infection, which highlighted poor sewage dis-
Table 1: Comparison of the parasites isolated from the stool samples of AIDS patients and normal controls.
Parasites isolated Percentage of parasites isolated in HIV positive patients with 
diarrhoea. (n = 366)
Percentage of parasites isolated in HIV negative persons with 
diarrhoea. (n = 200)
Cryptosporidium spp. 146(39.8%) 42(21.0%)
Microsporidia spp. 98(26.7%) --
Cyclospora spp. 88(24.0%) 3(1.3%)
Giardia spp. 37(10.1%) --
Entamoeba spp. 11(3.0%) 4(2.0%)
Isospora belli 2(0.5%) --
Hookworm 17(4.6%) 40(20.0%)
Trichuris trichiura 9(2.4%) --
Hymenolepsis nana 2(0.5%) 6(3%)
Ascaris lumbricoides -- 44(22.0%)
Mixed infections 92(25.1%) --
Figures in parentheses express the percentage (%) of parasites isolated.
Table 2: The associations between type of diarrhoea, parasites isolated and CD4 counts of 366 AIDS patients.







Acute cases Chronic cases Acute cases Chronic cases Acute cases Chronic cases
n = 57 n = 179 n = 34 n = 42 n = 21 n = 33
Cryptosporidium spp. 38/57 (66.6%) 56/179 (31.2%) 11/34 (32.3%) 20/42 (47.6%) 8/21 (38%) 13/33 (39.3%) 146
Microsporidia spp. 15/57 (26.3%) 68/179 (37.9%) 5/34 (14.7%) 7/42 (16.6%) 3/21 (14.2%) -- 98
Cyclospora spp. 4/57 (7.0%) 43/179 (24.0%) 3/34 (8.8%) 28/42 (66.6%) 5/21 (23.8%) 5/33 (15.5%) 88
Giardia spp. 11/57 (19.3%) 7/179 (3.91%) 8/34 (23.5%) 4/42 (9.5%) 4/21 (19.5%) 3/33 (9.5%) 37
Entamoeba spp. 4/57 (7%) 1/179 (0.5%) 5/34 (14.7%) -- 1/21 (4.7%) -- 11
Isospora belli -- 2/179 (1.1%) -- -- -- -- 2
Hookworm 1/57 (1.7%) 6/179 (3.3%) -- 5/42 (11.9%) 2/21 (9.5%) 3/33 (9%) 17
Trichuris trichiura -- 3/179 (1.6%) 4/34 (11.7%) -- 2/21 (9.5%) -- 9
H. nana -- 1/179 (0.5%) -- 1/42 (2.3%) -- -- 2
Total 73 187 36 65 25 24 410
Figures in parentheses express the percentage (%) of parasites isolated.BMC Gastroenterology 2008, 8:36 http://www.biomedcentral.com/1471-230X/8/36
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posal practices and sewage spills. Presence of Hookworm
indicated lack of sanitation and low socio-economic sta-
tus of the cases coming from rural areas.
Cryptosporidium  spp. (39.8%) was the most commonly
isolated protozoan followed by Microsporidia  spp.
(26.7%). As compared to the controls, the observed inci-
dence of these organisms in HIV patients was significantly
higher (p < 0.05). Another study conducted by
Samantaray et al, also showed similar isolation rates in
HIV patients [13] whereas, in a study of Southern India
lesser number of Cryptosporidium spp. (9%) were isolated
[14]. A study conducted in Mumbai showed the infection
rate of Microsporidia spp. in HIV patients as 17.18% [15].
On the contrary our study detected 26.7% of Microsporidia
spp. This increase in isolation rates could be due to the
fact that the numbers of cases studied were much higher
in our study as compared to the study of Siddhartha et al
[15]. When compared to other studies of Southern India,
isolation rate of Isospora belli (0.5%) was lower in our
study [14]. This discrepancy in the findings maybe attrib-
uted to geographical variation. Calcoflour White staining
technique, which is a screening method, identified the
Microsporidia spp. However, its presence will be con-
firmed later by Chromotrope 2R staining method in order
to avoid any false positive results, if any. The clinical pic-
ture and the microscopic examination of the dysenteric
stools revealed haematophagous trophozoites suggesting
that the Entamoeba spp. isolated were presumably that of
Entamoeba histolytica. This screening method was adopted
due to lack of facilities for isoenzyme analysis and other
tests to differentiate it from Entamoeba dispar [16].
Although the study was conducted to screen for the enteric
protozoan, we came across 7.65% cases where helminths
like Hookworm, H. nana and Trichuris trichiura co-existed
with protozoa. These were probably flushed from the
intestine because of diarrhoea or expelled after treatment.
Therefore, we reported their presence as and when we
came across the helminths during stool examination.
It was found that 6.8% patients had acquired the HIV
through homosexual route. Giardia  spp. (64%) was
present more in this group of people as compared to those
who had heterosexual practice. Our findings are in accord-
ance with Curry et al [6].
The maximum parasitic isolation was in the group of
patients who had CD4 cell counts below 200 cells/μl and
Cryptosporidium spp. was found to be the most commonly
acquired protozoa causing chronic diarrhoea. The isola-
tion rates decreased with the increase in the CD4 cell
counts. This finding is in accordance with the study con-
ducted by Attili et al. They also found an inverse correla-
tion between CD4 counts and isolation rates of parasites
from diarrhoea patients [12].
Key climatic variables, particularly humidity and temper-
atures have always had a relationship to waterborne dis-
eases. The Milwaukee episode of 1993, which affected
403,000 people, is a commonly quoted waterborne Crypt-
osporidiosis outbreak [17]. The advent of rainy season
marks the beginning of many infectious diseases. In our
work too, the maximum parasitic isolation was during
rainfall, with Cryptosporidium spp. at the top of the list fol-
lowed by Giardia spp. (p < 0.05). We observed that isola-
tion rate of Cyclospora spp. peaked during the summer and
was significantly higher as compared to in the other sea-
sons (p < 0.05). This is because sporulation or maturation
of the immature oocysts excreted in the faeces depends on
warm temperatures [17].
Limitations of the study
1. Immune restoration as detected by CD4 counts was
clinically assessed.
Table 3: Correlation between seasonal variation and parasitic diarrhoea
Parasites Summer Rainfall Winter
Isolated (March–June) (July–October) (Nov–Feb)
Cases Controls Cases Controls Cases Controls
Cryptosporidium spp. 19 (5.1%) 13 (6.5%) 111 (30.3%) 23 (11.5%) 16 (4.3%) 6 (3%)
Microsporidia spp. 32 (8.7%) -- 38 (10.3%) -- 28 (7.6%) --
Cyclospora spp. 56 (15.3%) 2 (1%) 25 (6.8%) 1 (0.5%) 7 (1.1%) --
Giardia spp. 9(2.4%) -- 21(5.7%) -- 7(1.1%) --
Entamoeba spp. 5(1.3%) 1(0.5%) 4(1.0%) 3(1.5%) 2(0.5%)
Isospora belli 2(0.5%) -- -- -- -- --
Hookworm 5 (1.3%) 10 (5%) 12 (3.2%) 27 (13.5%) -- s3 (1.5%)
Trichuris trichiura 4(1.0%) -- 3(0.8%) -- 2(0.5%) --
H. nana -- -- 2(0.5%) 4(2%) -- 2(1%)
Figures in parentheses express the percentage (%) of parasites isolated.Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
BMC Gastroenterology 2008, 8:36 http://www.biomedcentral.com/1471-230X/8/36
Page 6 of 6
(page number not for citation purposes)
2. Calcoflour White staining for Microsporidia  spp. is
merely a screening method. However, the authors have
plans to carry out identification techniques like Chromo-
trope 2R staining to confirm the results.
3. The study was done as and when the symptoms of diar-
rhoea appeared and accordingly they were categorised sea-
son wise. It is difficult to establish the time period of
initiation of infection.
Conclusion
From this study it appears that the CD4 counts and prev-
alence of the protozoal infection in a particular geo-
graphic area should be considered before instituting
empirical therapy to the AIDS patients attending the ART
centre.
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